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correspond to the set of orthogonal training 821

sequences, from multiple base stations

1
Estimate the CFO of a single signal according

to a composite signal mixed from the multiple
preamble signals, and estimate the 822
corresponding channel gain of the signal

accﬂrding to the CFQO estimate

1
Calculate the estimate of a received signal

transmitted from one of the multiple base
—  stations according to the estimates of the 823
corresponding CFO values and channel gains

1
Calculate updated estimates of the CFO value

and the channel gain corresponding to the

received signal transmitted by one of the —~S24

multiple base stations based on the estimate of

the received signal, and increasing the iteration
number by 1
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whether the iteration number
has reached a predetermined
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5235

Terminate the estimation procedure if the
iteration number has reached the predetermined
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predetermined order
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compensate the carrier frequency offset 827
according to the final estimate ot the CFO value
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Recetve the multiple preamble signals, which
correspond to the set of orthogonal training S21
sequences, from multiple base stations

Estimate the CFO of a single signal according
to a composite signal mixed from the multiple
prcamble signals, and estimate the S22
corresponding channel gain of the signal
according to the CFO estimate

Calculate the estimate of a received signal

transmitted from one of the multiple base

stations according to the estimates of the 523
corresponding CFO values and channel gains

Calculate updated estimates of the CFO value
and the channel gain corresponding to the
received signal transmitted by one of the S24
multiple base stations based on the estimate of
the received signal, and increasing the iteration
number by 1

Determine
whether the iteration number
has reached a predetermined

No 325

Yes

Terminate the estimation procedure 1f the
iteration number has reached the predetermined
order; and return to and execute the step S23, 1f S26
the 1teratton number 1s smaller than the
predetermined order

Adjust the used frequency at the recerver to
compensate the carrier frequency offset S27
according to the final estimate of the CFO value

FIG. 4
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COMMUNICATION METHOD OF
COORDINATED MULTI-POINT
TRANSMISSION SYSTEMS

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This application claims the benefit of Taiwan Patent Appli-
cation No. 101103166, filed on Jan. 31, 2012, in the Taiwan
Intellectual Property Office, the disclosure of which is incor-
porated herein 1n its entirety by reference.

FIELD OF THE INVENTION

The present invention relates to a communication method
of coordinated multi-point transmission systems, 1n particu-
lar to the communication method that multiple base stations
transmit preamble signals to facilitate the estimation of mul-
tiple carrier frequency offsets (CFOs) at a user device, where
the preamble signals correspond to a set of orthogonal train-
ing sequences that can reduce the interference from the pre-
amble signals transmitted by other base stations.

BACKGROUND OF THE INVENTION

Orthogonal frequency division multiplexing (OFDM) 1s an
elfective solution for high data rate services because of 1ts
high bandwidth efficiency and resistance to multipath fading.
In order to prevent inter-carrier interlerence, precise Ire-
quency synchronization between the transmitter and recerver
1s essential and crucial; hence, CFO estimation 1s an 1mpor-
tant and necessary technology for OFDM systems. By trans-
mitting known training sequences, a receiver can estimate the
CFO value based on the received signals. Then, the recerver
can adjust the local oscillator to compensate the carrier fre-
quency oifset.

In a coordinated multi-point (CoMP) transmission system,
multiple base stations or relay stations can simultaneously
transmit the same information to user equipment (UE) to
improve radio coverage and overall system performance. A
UE will recerve and demodulate the signals transmitted from
different base stations, and different receirved signals may
have different values of CFO. Under the scenario applying
CoMP transmission, a recerver must estimate multiple CFOs
corresponding to the multiple received signals for compen-
sation. Because different signals interfere with each other at a
receiver, the mutual interference significantly degrades the
CFO estimation performance. Hence, the conventional fre-
quency oilset estimation technology which emphasizes on
single-CFO estimation 1s not suitable for multi-CFO estima-
tion 1n CoMP-OFDM systems. So, 1t becomes an important
1ssue on how to estimate multiple carnier frequency offsets
simultaneously.

Technically, designing a communication method that
allows a UE to be able to estimate multiple CFOs correspond-
ing to the multiple recerving signals from different base sta-
tions 1n coordinated multi-point transmission systems 1s nec-
essary and becomes an important 1ssue for future fourth
generation wireless communication systems.

SUMMARY OF THE INVENTION

In view of the shortcomings of the prior art, the primary
objective of the present invention is to provide a communi-
cation method of coordinated multi-point transmission sys-
tems that can overcome the problems of the prior art.
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To achieve the aforementioned objective, the present
invention provides a communication method of coordinated
multi-point transmission systems for estimating multiple car-
rier frequency offsets, and the communication method com-
prises the steps of: selecting a Zadoff-Chu sequence as the
primitive training sequence; generating a set of orthogonal
training sequences according to the primitive traimng
sequence gone through with a set of cyclic shiits; allocating
the set of orthogonal traiming sequences to multiple involving
base stations; transmitting multiple preamble signals corre-
sponding to the set of orthogonal training sequences from
multiple base stations to a UE by a coordinated multi-point
(CoMP) transmission method; and using a UE to receive a
mixture signal of the multiple preamble signals.

Wherein, the set of orthogonal training sequences comply
with the relations of

(k— )N

and 2<k<K; wherein, { MD,) ,, substantially approaches to

(k— 1N
.

and N is the length of the orthogonal training sequence, { [ A,
1s the modulo-N operator, M 1s a positive integer parameter of
the Zadoll-Chu sequence and relatively prime to N, k 1s a
positive mteger, K 1s the number of involving base stations,
and =~1s a “relatively equal” sign indicating an approximation
within a range.

Wherein, the multiple orthogonal training sequences
installed 1n the multiple involving base stations 1s a subset of
a set of orthogonal training sequences 1n compliance with the
relations.

Wherein, the communication method of coordinated
multi-point transmission systems further comprises the steps
of simultaneously recerving the multiple preamble signals
corresponding to the multiple orthogonal training sequences
transmitted by multiple 1nvolving base stations; estimating
the CFO value and the channel gain corresponding to the
signal transmitted from one of the multiple base stations
according to the recerved mixture signal from the multiple
preamble signals; calculating the estimate of the received
signal transmitted from one of the multiple base stations
according to the estimates of the CFO values and the channel
gains; calculating updated estimates of the CFO value and the
channel gain corresponding to the signal transmitted by one
of the multiple base stations based on the estimate of the
received signal, and increasing the iteration number by 1;
stopping the calculation, 1f the iteration number 1s equal to a
predetermined value; and adjusting the local frequency of a
receiver to compensate the carrier frequency offset according,
to the CFO estimate.

Wherein, the method further comprises the step of calcu-
lating the estimate of a recerved signal transmitted from one

of the multiple base stations according to the estimates of the
corresponding CFO value and channel gain.

Wherein, the method further comprises the step of estimat-
ing the CFO value and the channel gain corresponding to the
signal transmitted from one of the multiple base stations by
using the maximum likelithood estimator.




US 8,792,446 B2

3

In summation, the present invention has one or more of the
tollowing advantages:

(1) The communication method of coordinated multi-point
transmission systems of the present invention can use the
Zadoit-Chu sequence as a primitive training sequence to
design the best and most robust set of training sequences for
the use by multiple base stations.

(2) The communication method of coordinated multi-point
transmission systems of the present invention can transmit the
preamble signals from multiple base stations at the same time.
Even 1n the situation with multiple mixed preamble signals, a
UE can still estimate the multiple CFOs according to the
received mixture signal.

(3) The communication method of coordinated multi-point
transmission systems of the present invention can still achieve
a very good estimation performance, even when different
preamble signals have different relative timing ofisets, have
different frequency olffsets and/or experience different chan-
nel effects.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a first schematic view of a coordinated multi-point
transmission system in accordance with a first preferred
embodiment of the present invention;

FI1G. 2 1s a second schematic view of a coordinated multi-
point transmission system in accordance with the first pre-
terred embodiment of the present invention;

FIG. 3 1s a first flow chart of a communication method of
coordinated multi-point transmission systems 1n accordance
with the present invention;

FI1G. 41s asecond flow chart of a communication method of
coordinated multi-point transmission systems 1n accordance
with the present invention;

FIG. 5A 1s a first schematic view of a coordinated multi-
point transmission system 1n accordance with a second pre-
terred embodiment of the present invention;

FI1G. 5B 1s a second schematic view of a coordinated multi-
point transmission system in accordance with the second
preferred embodiment of the present invention; and

FIG. 6 1s a schematic view of a coordinated multi-point
transmission system in accordance with a third preferred
embodiment of the present invention.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

The technical characteristics of the present invention waill
become apparent with the detailed description of the pre-
ferred embodiments accompanied with the illustration of
related drawings as follows. It 1s noteworthy to point out that
the drawings not necessarily drawn according to the actual
scale or exact precision, since the drawings are provided for
the purpose of i1llustrating the invention and complementing,
the description of the specification, but not intended for lim-
iting the scope of the invention.

With reference to FIG. 1 for a first schematic view of a
coordinated multi-point transmission system in accordance
with the first preferred embodiment of the present mnvention,
a base station 2 can transmit a signal to a UE 1 through a
coordinated multi-point (CoMP) transmission method, and
the UE 1 can receive a combination of signals from several
different base stations 2. In this preferred embodiment, the
Zadoif-Chu sequence serves as a basis of the tramning
sequences, and the Zadoil-Chu sequence can be expressed by
Z=[7Z]0], . . ., ZI[N-1]]", an element of the sequence Z[i],
i=0, . .., (N-1) is defined as Z[i]=exp(jMmi*/N). Wherein, N
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4

1s the length of the training sequence, M 1s a positive integer
parameter of the Zadoif-Chu sequence and relatively prime to
N.

With reference to FIG. 2 for a second schematic view of a
coordinated multi-point transmission system in accordance
with the first preferred embodiment of the present invention,
the relation between two training sequences 1s shown 1n FIG.
2. Let'T,=7Z be aprimitive training sequence, T, 1s an orthogo-
nal training sequence produced by a cyclic shift D, samples of
the primitive training sequence T, Inother words, the setolf K
orthogonal training sequence for K base stations can be rep-
resented by S={T,, T,, . .., T}, and the k” orthogonal
training sequence can be detined as 1;,=2,, =[Z|[N-D,], . . .,
ZIN-D,-1]]", and 1=k<K.

Wherein, Z, =[Z[N-D,], .. ., Z[N-D,-1]]" is a circular-
shifting version of Z by right-shifting D, samples, and
1=<D, <N-1.

Therefore, the set of robust orthogonal training sequences
(ROTS) of the present invention corresponds to the set of
cyclic shifts D={D.,, .. ., D,}, where the cyclic shifts are
relative to the primitive training sequence T,. The optimal
relative circular-shift set D={D,, . .., D} follows

(k— 1N
(MD, >N =~ K )

for 2=<k=K.

The aforementioned settings of the robust orthogonal train-
ing sequences (ROTS) can be used to minimize the mutual
interference under the conditions that the different preamble
signals transmitted from different base stations have different
relative timing offsets, have different frequency oflsets and/or
experience different channel effects. Therefore, the multiple
base stations can simultaneously transmit the preamble sig-
nals to a UE for CFO estimation by coordinated multi-point
(CoMP) transmission.

Even though the concept of the communication method of
coordinated multi-point transmission systems has been
described in the section of the coordinated multi-point trans-
mission system of the present invention, but the following
flow chart 1s provided for 1llustrating the concept clearly.

With reference to FIG. 3 for a first flow chart of a commu-
nication method of coordinated multi-point transmission sys-
tems 1n accordance with the present invention, the communi-
cation comprises the following steps:

S11: Select a Zadoil-Chu sequence as a primitive training
sequence.

S12: Generate a set of orthogonal training sequences based
on the primitive training sequence gone through with a set of
cyclic shafts.

S13: Allocate different orthogonal training sequences to
the corresponding base stations.

S14: Transmit multiple preamble signals, which corre-
spond to the set of orthogonal training sequences, from mul-
tiple base stations to a UE by a coordinated multi-point
(CoMP) transmission method.

S15: A UE recerve a composite signal mixed from the
multiple preamble signals transmitted from multiple base
stations.

With reference to FIG. 4 for a second flow chart of a
communication method of coordinated multi-point transmis-
s1on systems 1n accordance with the present invention, the
communication method comprises the following steps:
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S21: Receive the multiple preamble signals, which corre-
spond to the set of orthogonal training sequences, from mul-
tiple base stations.

S22: Estimate the CFO of a single signal according to a
composite signal mixed from the multiple preamble signals,
and estimate the corresponding channel gain of the signal
according to the CFO estimate.

S23: Calculate the estimate of a recerved signal transmaitted
from one of the multiple base stations according to the esti-
mates of the corresponding CFO values and channel gains.

S24: Calculate updated estimates of the CFO value and the
channel gain corresponding to the recerved signal transmitted
by one of the multiple base stations based on the estimate of
the received signal, and increasing the 1teration number by 1.

S25: Determine whether the 1teration number has reached
a predetermined order.

S26: Terminate the estimation procedure 1f the iteration
number has reached the predetermined order; and return to
and execute the step S23, 1f the 1teration number 1s smaller
than the predetermined order.

S27: Adjust the used frequency at the recerver to compen-
sate the carrier frequency ofiset according to the final esti-
mate of the CFO value.

The recerved time-domain signals from the K base stations
can be expressed 1n a discrete form as

K DT F

2
yli] = Z EKP(J ;m{ ]Z A axili — 1 — i ] + v[i],
=0

k=1

and O=1=N-1; wherein, X,[1] 1s the signal transmitted from the
k™ base station for 1<k=K; w,. is the corresponding residual
CFO normalized to the carrier spacing; L, i1s the channel
length; h, ,, for 1<k=K and O=l<L,~1 are the channel coeffi-
cients; 1, 1s the mteger-valued timing error of the recerved
signal; and v[1] 1s the recetved zero mean additive white
(Gaussian noise.

The time-domain composite signal of the mixed multiple
preamble signals recerved by a UE 1s represented 1n a discrete
vector form as

(0], ... , y[N—1]] Zcbmhkw

k=1

wherein, @, 1s the phase rotation matrix related tow,, A, 1s the
preamble signal matrix, v i1s the channel noise vector, and T
denotes the matrix transposition.

The maximum likelihood estimator for the CFO of a signal
transmitted from the k™ base station can be represented by

= argmax{yH(Dk Ay Af@fy},

Wk

and the corresponding channel gain estimator can be repre-
sented by h,=(A, 7D, y)T /N; wherein, @, 1s the phase rota-
tion matrix related to w,, @, is the matrix by substituting W,
into @, and A, 1s the preamble signal matrix, N 1s the length
of the preamble sequence, H denotes the conjugate transpo-
sition, and T denotes the matrix transposition.

In the first iteration, the estimates of the CFO w; and the
corresponding channel gain | h,, fork=1,...,K, areused as the
initial estimation w,°’ and h, (D). Accordmg to the i” estima-
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6

tion results, W, and h,?, for 1<k<K, the estimate of the
received signal transmitted from the k” base station is given

by

K

A (1) A (1)
yi =y-— Z b ALk, ,
m=1,m+k

for 1l <k =< K.

Based on the estimates of the individual signals transmatted
from multiple base stations, the mutual interference can be
partially eliminated, and the estimates of the CFO and the
channel gain can be updated according to the signal estima-
tion y,. The updated estimate of the CFO is

A = argmax{(57)" @A AH Of 57

Wk

and the updated estimate of the corresponding channel gain
can be represented by h, “V=(A (D, )y, OYN.

In the meantime, the maximum iteration number 1s set to 1.
Ifi<m, then the estimate of the received signal ¥, transmitted
from the k” base station and the updated estimates of the CFO
and channel gain are calculated. If 11s equal to or greater than

1, the estimation procedure will be terminated.
With reference to FIG. 5A and FIG. 5B for the first and

second schematic views of a coordinated multi-point trans-
mission system in accordance with the second preferred
embodiment of the present mvention respectively. FIG. 5A
shows the mean square error (MSE) performance versus the
signal-to-noise ratio (SNR) under the scenario with two base
stations, 1.¢., K=2. To clarity the technical characteristics of
the present invention, two base stations are used 1n this pre-
ferred embodiment, but the invention 1s not limited to such
arrangement only. In this preferred embodiment, the param-
eter settings are K=2, M=3, N=256 and D,=43, and the CFOs
of the signals transmitted from the two base stations are
w,=0.2 and w,==0.2. In FIG. 5A, even though the signal-to-
interference ratio (SIR) 1s O dB between the two preamble
signals transmitted from the two base stations, the estimation
performance still approaches the baseline which 1s the per-
formance of no interference when only a single base station 1s
involved. In other word, the present invention can eliminate
mutual interference of signals between difierent base stations
clfectively.

The measure of the mutual interference versus the time
shift index for K=2, M=3, and N=256 for different values of
CFOs 1s show 1n FIG. 5B. For M=3 and N=256, the optimal
circular shift values proposed by the robust orthogonal train-
ing sequence (ROTS) of the present invention 1s D,=43, 128
or 213 and the measure of the mutual interference drops
significantly at the optimal circular shift values. In other
words, the present mvention can elfectively eliminate the
mutual iterference between signals transmaitted from differ-
ent base stations.

It 1s noteworthy to point out that the performance of CFO
estimation 1s almost the same as that of the baseline when the
communication method of the present invention adopts the
iterative approach to eliminate mutual interferences.

With reference to FIG. 6 for a schematic view of a coordi-
nated multi-point transmission system in accordance with the
third preferred embodiment of the present invention. FIG. 6
shows the MSE performance versus the SNR under the sce-
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nario with three BSs. To clarily the technical characteristics
of the present invention, three base stations are used 1n this
preferred embodiment, but the invention 1s not limited to such
arrangement only. In this preferred embodiment, the param-
eter settings are K=3, M=3, N=256, D,=28 and D;=57, and
the CFOs of the signals transmitted from the three BSs are
w,=0.3, w,=0.1 and w,=-0.2. When the signal-to-interfer-
ence ratio (SIR) 1s =3 dB for the scenario with three base
stations, the estimation performance still performs very well.
In a normal operation area, 1.e., SNR=15 dB, the estimation
performance 1s still very close to the baseline. In other words,
the present mnvention can effectively eliminate mutual infer-
ences.

In summary of the above description, the communication
method of coordinated multi-point transmission systems in
accordance with the present invention focuses on the estima-
tion of multiple CFOs, and uses the Zadoif-Chu sequence as
a primitive training sequence to design a set ol robust
orthogonal training signals which can minimize mutual inter-
ference; so that the training sequences can be transmitted
from different base stations at the same time. Under the con-
dition of recerving the mixture signal of multiple preamble
signals, a UE can still estimate the multiple CFOs simulta-
neously. Even when the recerved signals which are transmit-
ted from multiple base stations have different relative timing,
olfsets, have different frequency offsets and/or experience
different channel effects, the present invention still has a very
good estimation performance.

What 1s claimed 1s:
1. A communication method of coordinated multi-point
transmission systems, comprising the steps of:

selecting a Zadoil-Chu sequence as a primitive training
sequence;

generating a set of orthogonal training sequences accord-
ing to the primitive training sequence gone through with
a set of cyclic shifts;

allocating the set of orthogonal training sequences to mul-
tiple involving base stations;

transmitting multiple preamble signals corresponding to
the set of orthogonal training sequences from multiple
base stations to a user equipment (UE) by a coordinated
multi-point (CoMP) transmission method; and

receiving a mixture signal of the multiple preamble signals
at the UE,

wherein the multiple orthogonal training sequences com-
ply with relations of

(k — N
(MD, >N =~ K .

and 2<k=K;

wherein, MD;) ~ Substantially approaches to

(k- DN
.

and N 1s the length of the orthogonal training sequence,

) ~1s the modulo-N operator, M 1s a positive integer
parameter of the Zadoff-Chu sequence and relatively
prime to N, D, 1s a cyclic shift, k 1s a positive integer, K
1s the number of mvolving base stations, and = 1s a
“relatively equal” sign indicating an approximation
within a range.
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2. The communication method of coordinated multi-point
transmission systems as recited in claim 1, wherein the mul-
tiple orthogonal traiming sequences allocated to multiple base
stations are a subset of a set of orthogonal training sequences
in compliance with the relations.

3. The communication method of coordinated multi-point
transmission systems as recited in claim 1, further comprising,
the steps of:

simultaneously receiving the multiple preamble signals,

which correspond to the set of orthogonal traiming
sequences, transmitted from multiple involving base sta-
tions;
estimating an estimated carrier frequency oflset (CFO)
value of a single signal according to a composite signal
mixed from the multiple preamble signals, and estimat-
ing an estimated channel gain of the single signal
according to the estimated CFO value;
calculating an estimated recerved signal transmitted from
one of the multiple base stations according to the esti-
mated CFO values and the estimated channel gains;

updating the estimated CFO value and the estimated chan-
nel gain corresponding to the estimated received signal
transmitted by one of the multiple base stations based on
the estimated received signal, and increasing an iteration
number by 1; and

terminating the updating of the estimated CFO value and

the estimated channel gain 11 the 1teration number has
reached a predetermined order.

4. The communication method of coordinated multi-point
transmission systems as recited in claim 3, further comprising,
the step of updating the estimated received signal transmitted
from one of the multiple base stations according to the esti-
mated CFO values and the estimated channel gains, which are

updated, 11 the 1teration number has not reached the predeter-
mined order.

5. The communication method of coordinated multi-point
transmission systems as recited in claim 3, further comprising
the step of updating the estimated CFO value and the esti-
mated channel gain corresponding to the estimated received
signal transmitted by one of the multiple base stations based
on the estimated recerved signal.

6. The communication method of coordinated multi-point
transmission systems as recited in claim 3, wherein the pre-
determined order 1s the maximum iteration number.

7. The communication method of coordinated multi-point
transmission systems as recited in claim 3, wheremn a CFO
estimator for updating the estimated CFO value follows:

n (i+1 NN ¢
wf = argmax{(y?) (I)kAkAf(ny?};

Wk

wherein, 1 1s the iteration number, k 1s a positive integer,
W, is an updated estimate of the estimated CFO
value, @, 1s the phase rotation matrix related tow,, A, 1s
the preamble signal matrix, H denotes the conjugate
transposition operator, and the updated estimate of the
received signal transmitted by one of the multiple base
stations 1s
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with y being the composite signal mixed from the multiple
preamble signals, @ m@') being the matrix by substituting
w_@into @ _, and h,“ is the updated estimate of the
channel gain, m 1s a positive integer, and K 1s the number
of involving base stations. 5
8. The communication method of coordinated multi-point
transmission systems as recited 1n claim 3, wherein an esti-
mator for updating of the channel gain follows:
ﬁﬁf” l):(AkH((i;k(H l))Hﬁk(f))TM 10
wherein, 1 1s the 1teration number, k 1s a positive integer,

h, 1V is the updated estimate of the channel gain, A, is
the preamble signal matrix, N 1s the length of the
orthogonal training sequence, @, is the matrix by
substituting w,"*" into @,, H denotes the conjugate 5
transposition operator, T denotes the matrix transposi-
tion operator, and the updated estimate of the received

signal transmitted by one of the multiple base stations 1s

20
K

Al » (1) A1)
y};)=y_ Z (DmAmhm

m=1,m+k

with v being the composite signal mixed from the multiple >3
preamble signals, m 1s a positive integer, and K 1s the
number of involving base stations.

¥ ¥ # ¥ o
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